An 18-year-old matriculant goes to the beach with friends to celebrate his school results. The ensuing boisterous party includes consumption of alcohol. As dusk falls, he goes for a swim with his girlfriend. She is soon seen waving frantically to their friends back on the beach. He has disappeared below the water surface. Their friends swim out, and after 10 minutes they manage to find him, and bring him to shore. They immediately start cardiopulmonary resuscitation (CPR), while calling for help.
Background
Despite being essential to life, water, which comprises >60% of our body mass and covers >75% of the surface our planet, continues to be an occupational and recreational threat to humans. Drowning among young adults in South Africa (SA) is unfortunately especially common. Poor swimming ability due to historical lack of access to facilities, concomitant alcohol use and easy access to rivers, lakes and the ocean are all contributing factors. This is compounded by relatively limited resources to respond to drowning incidents across wide, unpatrolled areas, resulting in a growing burden of disease affecting the younger population groups in SA. Recognition of a drowning event is also a problem, as not every drowning victim will indicate their need for assistance (Fig. 1 ). This review examines the evidence and recommendations on drowning from an African perspective, and brings the health fraternity one step closer to developing guidelines for our country.
Definition
Drowning is defined as the process of experiencing respiratory impairment from either submersion or immersion in liquid. [1] Drowning outcomes are classified as either drowning with mortality, drowning with morbidity, or drowning without morbidity. [1] Other older terms (such as wet, dry or near drowning) have been deemed unhelpful, and have been abandoned.
Epidemiology
Drowning epidemiology varies dramatically worldwide, but is notably more severe in low-to middle-income countries. US data report ~4 000 drowning deaths, 8 000 hospitalisations and 31 000 emer gency department (ED) visits per year for children ˂19 years old. [2] Regret tably, there are no consistent published data for SA, but preliminary information from Lifesaving South Africa (LSA) reveals similar trends in age demographics, although true numbers are largely unknown. [3] Extrapolation from forensic pathology data in the Western Cape provides an estimation of 4/100 000 fatal drownings per year, which is similar to the World Health Organization's estimations for low-income countries in Africa. Despite only an estimated 1 in
Recent guidelines development
Recently updated guidelines for the prevention, prehospital and ED management of drowning have been published by the Wilderness Medical Society (WMS). [5] However, application of international guidelines within a resource-limited setting must be carefully weighed. In SA, the WMS guidelines are undergoing review by the Wilderness and Expedition Medicine Society of Southern Africa to ensure relevance in the SA context. Nonetheless, they offer evidencebased practice standards, of which the key features and other notable research in the field are being integrated with the Western Cape Drowning Prevention Strategy under development by LSA, the National Sea Rescue Institute (NSRI) of SA, Western Cape Provincial Disaster Management, and the SA Medical Research Council. The ultimate objective is to extend this to developing a national strategy.
Drowning prevention
Drowning is associated with generally poor outcomes, and therefore the initial focus should always be on a pervasive and reiterated prevention strategy. Anyone involved in recreational or professional water-related activities should have baseline medical screening to rule out medical diseases that predispose them for having sudden loss of competence in water. In particular, seizure disorders and prolonged QT syndrome must be sought in children considered at risk. [6, 7] A concerted effort must be made to educate children and teenagers on survival swimming (flotation), which should be integrated into life skills programmes at school. [8] Personal flotation devices should be encouraged, irrespective of swimming ability, especially in young children. Adult supervision -particularly in the home environment -is paramount to prevent drowning. [9] Swimming pool covers and barriers to prevent access to pools by small children are essential, but unfortunately remain unregulated in SA.
In poorer rural communities where drowning is common in freshwater environments (dams, rivers, ponds, buckets, baths, ditches, sewage latrines or wells), prevention is particularly challenging. Alcohol use before and during swimming must be discouraged. [7] Swimming in areas where there are lifeguards on patrol must also be encouraged or enforced.
Prehospital management
The rescue of drowning victims requires specific skills, physical abilities and certified training. Rescues attempted by people who do not fulfil these criteria place the potential rescuers at risk. [5] Individuals without appropriate training should try to reach out to victims, while ensuring that they have secured themselves to a fixed point. If this is unsuccessful, throwing a buoyant device to the victim is an alternative. Depending on the scenario, this may even be the first response while help is sought. If available, a watercraft may be used to reach the victim. None of these efforts should place potential rescuers at risk.
Trained rescuers perform at their level of experience, skill and physical abilities, using the equipment they have available. In-water resuscitation is difficult, and should only be attempted when the victim cannot be removed from the water quickly and safely, and only by trained rescuers. There is little evidence to suggest that anything more than ventilation is beneficial for a victim of drowning who is still in the water. [5] Once out of the water, and as soon as possible after addressing immediate threats to life, the victim should be actively and passively warmed, depending on available means. Once it is established that the patient has a pulse, the immediate priorities for resuscitation are airway management, oxygenation and ventilation. [10] For a pulseless person, CPR should commence with chest compressions, with attention to airway patency, ventilations and supplemental oxygen provision. The Heimlich manoeuvre is not indicated where water with particulate matter remains the cause of airway obstruction. [11] CPR should follow standard basic life-support principles.
[12] Defibrillation may not be effective in severely hypothermic patients, where submersion times were prolonged. The focus here would be effective chest compressions with rewarming. [13, 14] The incidence of associated cervical spine injuries in drowning incidents is ˂5%, and is usually associated with diving from a height. [5] Spinal protection is therefore not a concern in drowning unless there is a significant mechanism for cervical spine injury, significant distracting injuries, a focal neurological deficit, anatomical disruption, abnormalities in the cervical spine causing concern or an altered mental status. [15] Unless there is an immediate threat to life or active CPR, there should not be delays in transferring the drowning patient to hospital for assessment and further management. Vascular access is not usually indicated, and undue time should not be spent in the field to gain access.
Emergency department management
The initial priorities for a drowning victim are the same, whether in the prehospital or ED setting. If the patient remains pulseless, the focus is on effective CPR with rewarming, following advanced cardiovascular life-support guidelines. [12] If the patient has a pulse, rewarming and monitoring should occur while attention is paid to airway patency, oxygenation to a targeted peripheral arterial saturation of at least 95%, and adequate ventilation. [16] If mechanical ventilation is used, as indicated, a lung protective strategy should be used with positive end-expiratory pressure (PEEP) and FiO 2 to maintain adequate PaO 2 . Non-invasive ventilation can be considered if there are no contraindications in hypoxic patients with mild to moderate respiratory symptoms. The literature regarding therapeutic hypothermia management for drowning victims is unclear. [17] There may be a role for patients with return of spontaneous circulation after cardiac arrest following drowning.
Unless otherwise indicated, an initial chest radiograph has no value, as it does not correlate with outcomes or other investigations. An initial arterial blood gas measurement may be useful in determining the titration of oxygenation and the need for ventila tion. [18] Despite early animal evidence demonstrating pathophysiological differ ences in salt-and freshwater drowning, this has not been clearly distinguished in humans. [19] Electrolyte abnormalities and changes in osmolarity only occur when >11 -22 mL/kg of water are aspirated, while studies show that in human drowning ~3 -4 mL/kg are aspirated. [18] Therefore, the role of routine electrolyte testing is questionable.
Alternative diagnoses should be considered if the patient continues to have an altered mental status despite optimal medical therapy. Comorbid illness or injury may have been the precipitating factor for submersion or immersion.
Early empiric antibiotic use in ED management is not indicated. [20] It is difficult to differentiate between the stress response of drowning and true infectious aetiology based on early imaging and laboratory testing, and even bedside diagnostics may be insensitive. Antibiotics may be considered with persistently high fever and increased sputum production. Procalcitonin testing may be beneficial to assist in the clinical decision to commence antibiotic therapy. Routine steroid use is similarly not indicated. [20] 
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Disposition planning
Drowning victims seen in the ED can be observed for 4 -6 hours and discharged if they present with a mild or absent cough, no abnormal lung sounds or altered mental status, and improve or do not deteriorate during the observation period. [5] Criteria for admission include severe cough, abnormal lung sounds, frothy sputum or foamy material in the airway, hypotension (systolic blood pressure <90 mmHg or mean arterial pressure <60 mmHg) and altered mental status. [5] Several prognostic tools have been suggested to assist with predicting outcomes from drowning. Submersion time has an exponentially negative relationship with survival. Hypoxia remains the main predictor of outcome. [21] If the patient survives to the ED, mortality can still be ≥93%, depending on the initial presen ta tion. [5] Table 1 describes the initial clinical findings and the associated mortality rates. Hypotension alone immediately predicts a mortality of ≥19%.
The Orlowski score (Table 2) is used in paediatric drowning scenarios to determine prognosis. [22] When patients present to the ED in cardiac arrest with active resuscitation efforts, a decision must be made on whether to continue with resuscitation. This is often difficult and emotionally charged for ED staff. Poor prognostic indicators from drowning studies are submersion times >30 minutes, with water temperatures >6°C; submersion times >90 minutes, with water temperatures ˂6°C; and at least 25 minutes of continuous high-quality CPR without return of spontaneous circulation. [5, 23] In well-resourced settings, bridging to extracorporeal membrane oxygenation may be appropriate, particularly in drowning associated with significant hypothermia.
Scenario resolution
The drowned celebrating matriculant received immediate and highquality bystander CPR from his school friends, who had learnt first aid during their life skills classes. A rapid prehospital response provided advanced cardiovascular life support and swift air transportation to a nearby hospital capable of dealing with drowning victims, where he was rapidly warmed in the ED and admitted to the intensive care unit for 2 weeks. With ideal management, he recovered steadily, and could commence university studies after the holidays, with an intact neurological state.
Conclusion
Drowning prevention and management is a complex interplay between personal and family responsibility, first-responder awareness, prehospital provider training, effective evidence-based ED management and critical care support with appropriate prognostication.
It also involves social and government advocacy for preventive interventions that begin at home and are integrated into school programmes. Guidance is required from expert bodies such as LSA and the NSRI, and the collaboration of a multidisciplinary framework of stakeholders to ensure that this problem is addressed nationally and perennially.
Learning points
Drowning is defined as the process of experiencing respiratory impairment from either submersion or immersion in liquid.
Priorities for both prehospital and ED management of the drowning victim include ensuring airway patency, adequate ventilation, supplemental oxygenation and rewarming for a pulsatile patient, and CPR with rewarming for a pulseless patient.
The initial priorities for a drowning victim are the same, whether it is in the prehospital or ED setting. Adapted from Schmidt et al. [5] Adapted from Anderson et al. [22] 
